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Description 

This invention relates to a novel random ccpolvmer enmnrkinn ar 
lymerized units from a cydoolefin as monomers' si I ^ SS^T 6 P °" 
a cyc.oo.efin type random copolymer having excellent transparency, thermal eTnce hea la ,r * * '° 
cal resistance, solvent resistance, dielectric properties and mecLica, p^^'^Z"^^ ^ 
distribution. H'y.oenies ana a narrow molecular weight 

Polycarbonate. pcly(methy! methacrylate) and polyethylene f*renhrh*i a r^ a ,« . 
exceilent transparency. The polycarbonate resin has'Lcel, en he^ ^al " *^ ^ h ^ 9 

strength as well as excellent transparency, but have the defect of ^cor cZITT 9 9 reSIStancs and ir W 

by strong alkalis. Po,y(me,hyl methacrylate) has the defect th" * s susS^ T T* * " attacked 
toluene, is swollen in ether, and has ,ow heat resistance. Po.ye h ^ne «e S £1 S * "7 
mechan,ca, properties bui has the defect of P ossess,ng ^i^^^^/^T^ and 
ceptible to hydrolysis. resistance to strong acids or alkalis and of being sus- 

■Vteny polyolefins well known as general-purpose resins have excellent chemical resign™ , 
and mechanical properties, but have poor heat resistance. Furthermore Ze^TJ^LZZ 
are crystalline. The transparency of polyolefins is generally imoroveZ adln , , Uanspa ' enc y becaus * ^ey 
slructure fine, or by performing guencLg to stop the gSC^^SlT T ^T^' 
entirely effective. Rather, the add-on of a third ccmoonent such as Se^Z^^Z '° ^ 

excellent properties of the polyolefins. Funhermore/the quenching m IZZTs tT^J " ° ^ ' nherem 

like* to reduce heat resistance or rig.dity with a decrease in crys^Sly eqU ' Pmen '- ^ 

sssrr ?* ccpo,ymer has a weu ba -- d — 

siotance as shown oy us glass transition temperature of about 1G0 3 C. 

Japanese Patent Publication No. 14.910/1971 discloses a nrrm« ■ 
polymerized units represented by the lollowing formu.a "a) ' * ~ °' ***** 




— (a) 



wherein R is hydrogen ora lower alkyl group, which comprises polymerizing a 1 4.5,3-dimethano-l 2 3 4 4 a 5 3 = a 
octahydronaphthalene represented by the following formula (b) i.^.4,*a,5.3,_a- 




wherein R is as defined above, ' 

SS^sSthPh^ ° lefin H Sel r ted fr0mstyrene ' aoenaphthytene. bic y clo^2.2.iJhep«ene-2. alkyl-subs.ituted 

nobt nei ' CyC ' 0pentene the presence °< an alcohol as a reducing agent using a halide of a 

noble metal sucn as rutnenium as a catalyst. 

■vholerm 0 n O ^ P0ly T rS ^ 1 ' 4 ' 5 ' S " dimeihan °- 1 ' 2 ' 3 ' 4 -^.5.3.Sa-octahydrona P h,halene as part or the 

,Cof 150 so™" ^^^^T^^ diSC '° Sed " JaPaneSS Laid ° Pen PatSnI P * lfc «™ 
The ooLml" h- ^ !f I 61,313/1934 and 51,316/1934 and U. S. Patent 4.173,424 

from 1 P oTn nQ " T ^ f 00 ™' 5 are *9^^ ■»■*«* having polymerized units resulting 

o'li a ?an h ' p r f " POlymenZed Units «P"san«ed by formula (a). As can be understood from 

an un a tu^te TZfi^*"*™*, 7 by ,he fac < ' ha < main polymer chain contains 

Iging res Snce " ^ 8eCaUSS °' ^ PfeSenCe °' ^ UnSatUrated vinyl linka ^ the ^ P<*meni have poor hea. 
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All of the polymers described in the above prior art rinr 
scission of a monomer. U. S. Patents 3.330 815 and 3 A^mTf? '' n9 ^ pened P 0 '*™ 5 Plained by the ring 
Edition, volume 12, 1607-1618 (1974) describe polymers of thTh °' P ° l/f1 ' er SC ' enCe: Polymer Ph V si cs 

monomer without the ring scission of !he ^^^iSZ 27 ^ °' * e d0Ub,e *** <* 3 

u 9 pptonnoonoic^ i . skeleton or the monomer 

S. Patent 3.330.815 d.scloses tha, a po.ymer composing p 0 ,ymerized units of the following ,ormu,a (c) 



s 



— (c) 



or the substitution product thereof is obtained from bicyclo[2.2.1]he P .-2-ene -2-ene of 



the following formula (d) 




— - (d) 



or its substitution product. 




— (e) 




— (f) 

r n r c ^ of the copolymer o, Ex am P ,e 44 

the polymer contains polymerized units ^t^^^^^T^ ™ ' n,r ° dUCed the 
3.494,897 does no. a, all describe specificaHy copoZers o^ eltZ T ° m ^ Ctoti ^^. U. S. Patent 
cyclo[6,2.1.l3.6. 0 2.7 l . 4 . dodecene 0 , l mula * C0 ^y™s °' ethylene w,h te.racyclododecenes other than the tetra- 

Journal of Polymer Science: Polymer Physics Edition, volume 12 1607 isifi mqtai h . 
ylene and norbornene derivatives having dynamic mechanical 3rJ.Lc t k. ,f > S6S co P o| y mers of eth- 
of ethylene containing 1 mole% of polyL ze T n"d " d Z .he s L ° d ° CUmen ' Sh ° WS 3 eo ^' 
rro ef,^ 

anon^r^ «*. ^ o, octahydrodimeth- 

nature and have poor heat resistance and mechanics, properties 9 * V Slr ° n9 ' y 6Xhibit a rubber V 

U. S. Patent Application Serial No. 696.161 (EuroDean i ain rv, M d,. . « ■• 
random copolymer composed of ethyiene, a 1,4 ^sTmethano 1 I', 4 4 T p ^""I,™ N °' ° 155464) diSC '° Ses a 
ally an alpha-o.efin having a. leas. 3 carbon atoms orTc^ and 
«he 1 AS.S-dime.hanoO .2 3 4 4a 5 S Sa-octa h^nhST ' the m °' e ra "' 0 °' Poized "nits from 

5 and ,he i A^^^^S^^^ ^ " 0m is ,rem 3:97 10 

erized units without ring-opening. «pn,n a .ene is .ncorporated in the polymer chain as polym- 

The specification of U S Patent No 9 a;n T7o h™i«~ 
rodicyc,open,adiene having the SEL^^ta " n ° rma " y SOlid C ° P °' ymer °' 6lhylene and M^W- 
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(A) the copolymer comprises polymerized ..nitc , 





R 3 


R 7 


75 


fffi 











— (I) 



/ 



wherein R\ R2 R3 R4 R5 R6 R7 n 





— (id 



wherein all symbols are as defined above 

alum.num atoms to vanadium atoms in the reaction 
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system, AI:V, at 2 or more:!. 

The present invention additionally provides a process for orensrinn a rrr^;'; * * 

fron^mSlr h nti ° n Pr ° Vid6S m °' ded ^ ,r0m 3 random "P**™ « defined above or 

from a modif.ed random copolymer prepared by a process as defined above 

atoms. The alkyl group may be linear or branched, and includes for examm* mlh„i .,h„i . 
butyl, iso-buty., seobuty,, ,-bu,y,. pen.yl. hexyl, hep.y,. oc.yl. n 0ny i and decy? " " ' ^ 

above" 3 " 1 '' 65 °' ha ' 09en 8,0m hydr ° Carb0n ^ presented by fi* and Rio are the same as.those given 

The integer n is preferably 1 or 2. 
Examples of the cycloolefin of formula (I) include 

I . 4,5,8-dimethano-l ,2.3,4,4a. 5,3, Sa-octahydronaphthalene, 
2-methyl-l,4.5 ( e-dimethano-1, 2.3,4.4a, 5,8,8a-octahydronaphthalene 
2-ethyM ,4.5.3-dimethano-l ^.S^^a.S.S.Sa-octahydronaphihalene, ' 
2-propyl-i 1 4.5,e-dimethano-l,2,3.4 1 4a.5,8,8a-octahydronaphthaiene 
2-hexyl-l ,4,5.8-dimethano-l .2.3.4,43,5, S.8a-octahydronaphthalene, ' 

2-stearyl-l,4,5.e-dimethano-l,2.3,4.4a.5.8 1 8a-octahydronaphthalene 
2.3-dimethyl-i.4 l 5.8-dimethano-1,2,3,4.4a,-5,6,8a-octahydronaphtha , |ene 
2-methyl-3-ethyl-l t 4,5,8-dimethano-l.2 l 3 l 4 l 4a.5,8,8a-octahydronaphthalene 
2-chloro-i ,4,5,8-dimeihano-l ,2.3,4,4a,5,8,8a-octahydronaphtha!ene, 

2-bromo-i ,4,5.8-dimethano-l. 2,3,4 ( 4a,5,8,ea-octahydronaphtha!ene' l 
2-fluoro-l.4,5.6-dimethano-l, 2,3.4.4a. 5.8,6a-octahydronaphthalene,' 
2,3-dichloro-1 ( 4,5.8-dimethano-l.2.3,4.4a,-5.8,8a-octahydronaphthalene 
2-cyciohexyl-l,3.5.3,-dimethano-1,2.3 t 4 l 4a.-5,8,Sa-octahydronaphthalene 
2-n-butyM ,4,5,S-dimeihano-l . 2,3,4. 4a,5.8.8a-octahydronaphthaiene 

2-isobutyl-l,4.5,8-dimethano-1 t 2.3 ( 4,4a,5 l 8,8a-octahydronaphthalene, 
5, 1 0-dimethy!tetracycl o[4,4,0. 1 2 - 5 , 1 7 ^ °]-3-dodecene, 
2, 1 0-dimethyltetracyclo[4,4,0, 1 2 - 5 , 1 7- 1 oj -3-dodecene. 

II, 1 2-di wethyltetracyc 1 o[4,4,0, 1 2 - 5 , 1 7 - 1 °]-3-dodecene, 

2.7.9- trimethyltetracyclo[4 ) 4,0,l 3 - 5 ,l 7 - 1 0]-3-dodecene l 
9-ethyl-2.7-dimethyltetracyclo[4 l 4 t 0,1 2 - 5 , 1 7 - l0 ]-3-dodecene, 
9-isobutyi-2 i 7-dimethyltetracyclo-[4,4,0. 1 2.5, 1 9 . l0 ]-3-dodecene, 
9,11,1 2-trimethyltetracyclo[4.4,0, 1 2 - 5 , i 71 °]-3-dodecene, 
9-ethyl-l 1 , 1 2-dimethyitetracyclo[4,4,0, 1 2 -5, 1 7l0 ]-3-dodecene, 
9-isobutyl-l 1 ,1 2-cimethyl-3-tetracyc!o-[4,4,0, 1 2 - 5 ,1 7 - 10 ]-3-dodecene, 
5,3,9,10-tetramethyltetracyc1o[4,4,0,l 2 - 5 , V-™] -3-dodecene, 
hexacyclo[6,6, 1 . 1 3 - 6 , 1 1 o.i 3 ,0 2 - 7 ,0 9 - 14 ]-4-heptadecene, 

1 2-methylhexacyclo(6 ( 6, 1 , 1 3 - 6 ,1 1 0- 1 3 (0 27 0 9 .i 4 ]-4-heptadecene, 
1 2-ethylhexacyclo[6,6 ( 1 1 1 o- 1 3 ,0 3 - 7 ,05-^]-4-heptadecene, 
l2-isobutylhexacyclo[6.6 1 i 1 l3-e,i 1 0- 1 3 l o 2 - 7 1 0 9 - 14 ]-4-heptadecene, 

1 .6. 1 0- trimethyl-i 2-isobutylhexacyclo[6.6, 1 , 1 3.6, 1 1 o.i 3 0 27 0 g : i 4]-4-heptadecene 
octacyclo[8.8,l2.9 14.7 tii.19 tiaje 0 03^ 0 1 2.i7j. 5 . dococene( 

1 5-methyloctacyclo[3,8, 1 2 - 9 , 1 4 - 7 , 1 11 - 1 6 , 1 13 -i5 i 0,0 3 - 8 ,0 12 - l7 ]-5-dococene 

15-ethyloctacyclo(3,8.1 2 - 9 ,1 4 - 7 ,1 ll . l8 ,l l3 -i8, 1 13 - 16 .0,0 3 < 8 ,0 12 - 17 ]-5-dococene 

1 . 3-dimethylpentacyclo[6.6, 1 , 1 3 - 6 ,0 2 - 7 0 3 - 14 ]-4-hexadecene, 

1 .6-dimethylpentacyclo[6.6, 1 , 1 3 - 6 .0 2 - 7 0 9 - 14 ]-4-hexadecene, 

1 5, 1 6-dimethylpentacyclo[6.6. 1 . 1 3 - 6 .0 2 - 7 ,0 9 - 14 ]-4-hexadecene, 

pentacyclo(5.5. 1 , 1 MtfJtfA 3 ]-4-pentadecene, 

1 .3-dimethylpentacyclo[6.5, 1 , 1 3 - 6 ,0 2 - 7 ,0 9 - 13 ]-4-pentadecene, 

1 ,6-dimethylpentacyclo[6.5, 1 , 1 3 - 6 ,O 2 * 7 ,0 91 3 ]-4-pentadecene! 
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1 4, 1 5-dimeihylpeniacyclo[6,5, 1 , 1 3-6 02-7 09.13) „ 
peniacyclo[6.6.l.i3.6 02.7 09.i"1.4hpy a wl '"^P^'adecene. 

o-efins by , he Die( , Alder Jj« «" b. eas (ly produced by condensing cyc 

According to the process of »h; e ; corresponding 

Compounds havino at Ipac* ™ a a. ^ u 4 ' 3 ' VO °' n - 

(') organoaluminum compounds of formula 

Ri 3 AI{OR' 4 ) h X 

P °' ' he Penodic ™* aluminum of formula 

m'air's 

wherein W is Li Na nr k =nw an ■ 

a or K ' and R ' s 's as defined above. 

samples ol ,he organoaluminum ^ ^ ^ ^ 

R^A,(OR-, 3m 

wherein Ria and R u are as 

cT;;trir.^f f,n rr e ' xisha, °^--- A,X3 ' m 

" " ,S Pre,erab,y ° <m < 3 ' c °-POunds of formula 

R!, 3 AIH. 

wherein R» is as defined above and m is preferablv „ 

wherein Ri3 andpi4stron . ^ 01 q 

c-ethyl alum.num epoxide and dibu.y. aluminum bu- 
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toxide; alkyl aluminum sesquialkoxides such as ethyl aluminum sesoui^ihnviHo =„h h,„,„ 

panially a,koxy.a.ed alky, a.uminums having the average ccZ^^T^l^^^'^ * es « u ' bu »oxide: 
aluminums, for example dia.ky, aluminum hLes suchU diet'h f Zi ^ 

aZ^ZZ^T! ' a ' UminUm SeSquiha,ides such " a-uminum sesquichloride. bu"y Tlum^m S es 
qu,chloride and ethyl aluminum sesqu,bromide. and alkyl aluminum dihalides such as ethyl aluminum Lh.o^nroo ,i 
aluminum cch.or.de and butyl a.uminum dibromide: panially hydrogenated alkyl aluminums, (or eTalle S k v. a' 
mmum hydrides such as d.ethy. aluminum hydride and dibu.yl aluminum hydride and alkyl Bian^^T^^ 
as ethyl aluminum dihydride and propyl a.uminum dihydride; and partially alkylated and halogena.ed aiXCnuns 
sucn as ethy aluminum etnoxychloride. butyl aluminum butoxychloride and ethyl aluminum a.uminum e hCbZ ce 
As compounds s,m,lar to (■). organoaluminum compounds having a. leas, two aluminums bonded Z t 2 r 
or mitogen atom may also be used. Examples of such comoounds are (C,H,),AIOAI(C H ) ic H u n r- ! 9 
and (C 2 H 5 ) 2 AINAI(C 2 H S ) 2 . l^s) 2 AiUAl(C 2 H 5 ) 2 . (C 4 H 9 ) 2 AIOAI(C 4 H 9 ; 2 . 

Examples of the compounds (ii) are LiAI(C 2 H 5 ) 4 and LiAI(C 7 H 15 ) 4 

TTn^ f ikyl a ' UminUm ha ' ideS ' a ' kyl 3 ' UminUm diha ' ides and mixtures cf lhese ar« especially preferred 
Tne ccpolymenzat.on react.on ,n accordance with the process of this invention is carried out in a hydroca bo- 

ZT*Z h° SOlVen, 1 ' nc,ude ali > hatic hydrocarbons having 5 to 1 5 carbon atoms such as pentan ^ hexano' 

TrSZl Th T a " CyCliC hydrocarbons havin 9 5 to 1 5 carbon atoms such as cyclopen.ane cyclohexan^ 

and meth Icyclohexane; and aromatic hydrocarbons having 6 to 1 5 carbon atoms such as benzene, toluene an TZZ' 
Tnese solvents may be used singly or in combination. xyiene. 

in the process of this invention, the copolymerization reaction is carried out continuously During the reaction th* 
ratioofaluminumatomstovanadiumatom^ 

The soluble vanadium compound and the organoaluminum compound are fed to the reaction system usually after 
dilution w„h the hydrocarbon medium. The concentration of the vanadium compound to be fed to heTo yme iz a o n 
reaction system ,s usually no, more than 10 times, preferably 7 to , times, more preferably 5 to , ,'me Tha n he 
polymenzation reaction system. On the other hand, the organoaluminum compound may be fed to the po yme i a « o' 
s em after „s concentration is adjusted to no. more than 50 times that in the polymerization system X protew 
o, tn, invention the concentration of the soluble vanadium compound in the copolymerization reaction System 
usual y 0.01 to = gram-atoms/liter, preferably 0.05 to 3 gram-atoms/liter. as vanadium atoms In the process o Thil 
oc e 2 " r°T fl the / yC,0 ° ,efin fand0m C ° POlymer ' ^•copo.ymeriza.ion reaction may be car ed ou, i h" 
nd the c T PO ' ymeriza,ion reaclion «y««« * addition to the soluble vanadium compound 
eS rnn o 9 ' nUm ^ 35 Cata ' yS ' in9redien,S - Exam P les °' the el *"™ donor include oxygencontaTn n~ 

^ ~ alCOh °' S ' ket ° neS ' a ' dehydeS ' Carb0Xy " C acids ' eslers 01 -'ds or no anfc 

acds, ethers, acid amides, acd anhydndes and alkoxysilanes, and nitrogen-con.aining electron donors such as an 

Z%7^ M f an K, iS ° Cyana,eS ' taction is carried ou, usually a. -50 to 10 X e erabTv 

uoo the w" 0 ?. J" ? y ' 2 ° '° 6 °° C ' aVera9e feSidenCe ' ime in lhe copolymerization reaction differsdep ndin 
upon the type of the polymerization material, the concentrations of the catalyst components and the polymerization 

S ra l e io USUa ' ly " n 5 min T 'n 5 h0UfS ' Pre T b,y 10 minUlSS *° 3 h ~'»" The *r n ,'he To^Ter. 

anon reason ,s usually more than 0 to 50 kg/cm*, preferably more than 0 to 20 kg/cm* I. desired i, is carried out 

w oh on 3n T "f * ' ni,r ° 9en ° f ar9 ° n ' T ° COnU0 ' the molecular ^ o, the copolymer, a mo ecu^a 
aS To ' 9 a9e " SU 33 y ?° 9en ^ 66 PreSen ' in ' he feac,i0n sys,em - The Polymerization reaction mi Z 
copo,ymer " " ^ C ° nVenl ' 0nal me ' h ° dS '° the desired W**™* random 

mononer^r'^n" 6 VST " C ° P ° lym ^ iZed wilh elhylene - As "Quired, another copolymerized unsaturated 
7^ Za^ lT^ T 7r Pa ' r ° bieCtS °' the inVen ' i0n ' ' 0r eXam P' e in an amounI 01 50 -°le%. 
e sen a 'coLon nt f f ' f ,hB C ° P ° lymer may be ^Polymerized in addition to these two 

ta«nn ? \l Z ? t P eX3mP 63 ° f ,he ° ,her c °P°'ymerizab.e unsaturated monomer include alpha^lefins 
dLZ , ° Cafbona,omssuchas P^ 1 ^, l-bu,ene.4-me.hy|.i-pen,ene. 1-hexene. 1-oc.ene, 1-decene i do 
ol ess ihan r e r ne ' 1 ' ,e ! rad f 1 - heXadeCene ' 1 - oclade «^ and 1 -eicosane which are to be used in an amount 
clooen, 1 71" T k , S e ', hy J ene mi,S " ' he reSU " in9 rand0m C0 ^V™<' and ^oo'eHns such as cy 
tZZ h CyClohe K Xene - 3 -^thylcyclohexene, cyclooc.ene. 3a.5.6.7a-te.rahydro-4,7-me.hano-lH-indene, noncon- 
ad ne ?r, S H U ^ M : heXadiene ' 4 -e«hyl-1, 4 -hexadiene, 5.me.hy,i.4-hexad,ene. 1,7-oc.adiene, dicydopen- 
ornene 2 Tin !" 6 ; Tc 6 5 - V ^ 2 ^^ ™« norbornenes such as norbornene-2. S-methylnor- 
Z1T 5 -f yln °[ bornene - 2 ' 5-isopropylnorbornene-2. 5-n-bu.ylnorbornene-2. S-i-bu.y.norbornene-2. 5,6.dime.h- 
ylnorbornene-2, 5-chloronorbornen e .2, 2-fluoronorbornene-2. and 5,6-dichloronorbornene-2 

Tne copo.ymenza.ion reaction in accordance with this invention can be advantageously carried out by continuously 
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feeding ethylene |he cycloolefin. and op.ionally .he other copolymerizabie componen. as ma-eri... ,o be polyrr err 
Hi^ If h , C ° mP0Und 0r 9 anoaluminum ««*ound as ca.alys, components. 

a^ SySt6m ' ^ C ° n,inU0US,y * -'V—- -cion mixtu^^ 

Jtt*£E£^12^ a random copolymer havina a — ~ ^ 

solution is usually 2.0 to 20.0% by weigh, preleXT^r^i h^h^™- '* * reSU " in9 C ° P °' ymer 
solution w,,h a k e,one or alcoho, gles 2p£S* £ ^c^T^X^Z^Xr' 

separating means as filtration or centrifuqal seoaration to nivp th* 7 P rec, P uate ls separated by such 

o, the ketone or alcoho, used is usually loolTo^Z 

pans by weigh, of the resulting copolymer solution. Examples of the ketones are those havfng fo 7 cfbon a Q ^ 

2? 0te V£ C rT me ", y ' ethy i ' "h 0 , 06 ' dielhyl kSt0ne ' methy ' iSObUty ' kSt0ne ' di P ra PV ketone a'nd cety a e'ne ^ 

ampies o. the alconols are alcohols having i to 4 carbon atoms surh ^ methanfl , flth . ^/'^lone. _x- 

bu,anol, sec- butano, and ,e,butanol. Thrones or Jn?J?JZttl run c^T ' 
-nocture of the ketone or alcohol with usually 0. 1 to 10% by weight, preferably i to 5% by weigh, o wateMs su tab,! 
since „ gives a copolymer powder having low con.ents of .he unreac.ed cycL.efin monomer and T owX e 1, ' 
we gn, po ymer and nigh oulk densi.y. Contacting of the resulting copolymer solution with the ketone or atoho s 
earned out w„h s.imng a. a .empera.ure of usually 0 to 100°C. preferably 10 .o 70°C. especially preferably at a ter 
perature near the boiling point of the ketone or alcohol. This is effected by using a vessel type mixl hS aQhafira 

~o^ 

As a result of the after-treatment described above, the random copolymer is precipitated usually in powder form 
to form a suspension. The suspension containing the copolymer ,s separated into the copolymer and L mo.he! icuo 
by such a separating means as centriluga.ion or filtration. The separated copolymer is further exuac te ™ a ^1 

o c,ve a random copolymer having low contents o, .he unreac.ed cyclooleL .monome and TZToZlr ^ 
polymer a narrow molecular weigh, distribution, a narrow compos„ion distribution, and a h,gh glass JanS Zee,' 
a.ure. The proportion o, the ke.one used ,n the extraction is such tha, the concen.ra.ion of the copo ^eTlte Zne 

s usually 10 ,o 100 g/hter, preferably 30 to 60 g/li.er. The .empera.ure a, which the copo ly mer is coma "ed w .h^he 
ke one ,s usually 10 ,o B5-C. preferably 15 lo GO'C. The con.ac.ing .rea.men, between the copolyme ^ nd he on 

z \ o! c i::TtT r; 9 us]n i ,or r mpie ' a vessei - type mixer ****** « «?* - 12; 

lZ Z f h 09 ^ 6 b ' adCS 31 thiS " me iS USUa "y 50 10 400 ^ P^^V 100 to 200 rpm 

am as , 4r e tl° r , C ° nlaC, ' n K 9 ? USUa " y 1 10 8 h0UfS ' Pfe,erably 2 10 5 h0urs - Exam P les ° f th * ""one may beT 
S he ' . f e ° ' Sl0ne US£d '° r * he P fec 'P ilalion «"»tment. The copolymer which has been contacted 
wuh ,he ke.,cne may be separated by separating means such as centriluga.ion or filtration. As required .he separa ed 

STcisr r ke,one - The — •» ~ *»> - - — - - — ssz 

.o 0 ZZ'Z'o i°.o 0%? th ' SinVen ' i0n ° h b,ained b * ,he above ^.er treatment usual.y has a bulk densi.y of 0.05 
nvemten h«t y , k * ^ '° hM * ^ ,ime °' m °' din 9- F "<^more, since .he copolymer of .hi, 

Hal an " t J? V ,he w UnreaC,ed CyCl °° ,e,in monomer and a 'ow-molecular-weigh, po.ymer optica, mate" 

Thus y ? 3 ' m T° ry S ' m °' ded ,r ° m ' Pefmi ' redUC,i ° n °' n0ise caused ^ 'or example, reflec.ion 
i hus.ne presen ; ,nven on g.ves a random copolymer in which ,he mole ratio of polymerized cycloolefin of formula 
(I) unus .o polymerized ethylene units is from 3:97 to 60:40. preferably from 5 95 to 50 50 

d,g. t;:^^^ 5 inVemi ° n " inUinSiC ViSC0S " y M ' meaSUr6d " deCa ' in 31 135 ' C ' °' 0 01 10 20 
chrom^of " 0 ' 71 TrnrT! °' ^ ^ 3 m ° leCU ' ar Wei 9 hI distribution (M w/Mn), measured by gel permeation 

Z12 S * , ° m ° fe ,h3n 4 ' Pfe,Crably 001 m ° re lhan 3-5. especially preferably no. more than 3 The 
ha. th" , S n r n J i0n " ChafaCteri2ed in that «"» secular weigh, distribution's narrow Th s meL 

me random 1 7 ^1 * ^ 3 '° W COn,Gn ' °' 3 '^-mo.ecular-weigh, polymer. Accordingiy when 

toe s , he 'r P ymS ; ' nVent,0n iS m °' ded in '° 3n ° P,ical malerial such as an °P«^I memory disc or opt.ca, 

^"SS^Sr 900d surface smoo,hness ' ,ow surtace lack ' - 9ood m — ai pU- - 1 

0 to r n d r a r P0 ' y ( mer d in ,? n ? n 3 C,VS!a " ini,y ' meaSUred ^ X ^ ™<™°™^ °<0>o, 0%. preferably 
0 to 8 » especially preferaoly 0 to 7%. The advantage of the copolymer having a crystallini.y of 10% or below is tha, 

r e r,: d i i i° l r r cai ^ such as an ° piicai ^ ° r °p , ' cai o s: s 

caused by, for example, refraction or diffused reflection is reduced. 

The copolymer has a Tg of 10 to 240°C t more preferably 20 to 200°C. 
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The random copolymers of this invention are molded by known -n.Mh nci* r„r .k 
molded, injection-molded, blow-molded. or ro.a.ionally m 0l de b ZZ a % . ■£ n T P " ^ eX, ' USi ° n - 
screw extruder, a conical twin-screw extruder aCoknLri* T. , 9 ' ^ d,np,c ' a ven, - [ VPe exiruder. a twin- 
P-anetary screw exuude, a ge H pV^ 3 ,Wi " COnical screw a 

s - " 9ht s,ab,iizers an,,s,a,ic a ^-~ 

morganic and orgamc fillers, dyes and pigments may be used as required '"breams. 

cresol). 1 . 1 .3-tr,s(2-methyl-4-hydroxy5-tert-butylphenyi)butene bisf -tert-butvl 4 m «S? tert-butyl-m- 
_ S^ethylbenzyDphenyl, terephthalate. i.^^^iTS 

(3.=-a l -len-butyl-4-hydroxyben 2 yl)-2.4.6-tr,methylben2ene. tetrakisfmethylene-3 ( Tt ert h ,r , ' S 

P iona,e]me.hane. ^.S-tnsfaS-dHen-butyl^hydroxybenzyl) ilocyaTurae i 5 **£ S^^l m /hT " 0 
prop^oxyethyl] ,socyanurate. *^cW^2c£^^ 

(6-tert-bu.yl-m-cresol): and polyhydric phenol/carbonic acid o.igoes.ers such as carbonic acid oJoelte^exarSe 
*> f ° h POly T riZati ° n °' 2 a 4 ' 5 ' 6 ' 7 °' 9 10) 0 '^'-^tylidenebis(2- t e rt -bu.y,-5-me ( h y £e S> 

,h,on ' , ! S antl0X ' dant inC ' Ude di3lkyl lhl °dipro pi onates such as dilauryl. dJyns.yl or dis.earv, 

h, oai pr 0pi on a ,e, and esters (such as pentaery.hri.ol te.ralaury.thiopropiona.e) formed between alkylthiopropion c ac l2 

r e ,h S M " ' ° C,yK ' aUryN ° r 5lS ^ m ^^ ^ and polyhydric alcohols (such as ^T^Z$£™ 
tnmethylolpropane. pentaerythritol or tris-hydroxyethyl diisocyanurate) inmetnyioiethane, 

:r::rrr; isinonviphen>i >^ 

decyl phosphi,., «no. y lph 8 n yl ,p e „,a e , vl h, 1 ,ol ipta^^M .MLteS^' T ^"l"'™' 

i here can also be used 6-hydroxycoumarone derivatives surh pq ainho „ ^ . 

and m,x,ures thereof, a ZS^Jubs,^ product S.B^ d oZ 0 T 2 5 7 I «h° v ' S 

suosmuled product o. 2.(4-me.hy,.pen,-3-eny).6-hydrox yC oumarone. ^-.rime^^^^^ 

one. 2.2.S-trimethyl-7-tert-butyl-6-hydroxycoumarone 2 2 5-trimethvl fi tor, h,„wi - * ^ nyaroxycoumar- 
«> dimethy|.5- t en.buly|.6-hydroxycoumarone '^ethyl-S-tert-butyl-o-hydroxycoumarone, and 2.2- 

lt is also possible to incorporate a compound represented by the general formula 

M x Al y <° H ) 2 *. 3y . 2; (A) r aH 2 0 

« r^r srn^r ■ A ,s an anion o,her ,han a hydroxyi — - y «- * - — — ^ 

txamples of the compounds of the above formula are 

Mg s AI 2 (OH), 5 C0 3 4H 2 0. 

50 M9 6 AI 2 (OH) 20 CO 2 5H,0. 

Mg 5 AI 2 (OH) 14 C0 3 4H 2 0, 

Mg 10 AI 2 (OH), 2 (CO 3 ) 2 4H 2 0. 

55 

Mg 6 AI 2 (OH) )6 HP0 4 4H,0. 
Ca.AI 2 (OH) 16 CO. 4H 2 0. 
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and 
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Zn 6 AI 2 (OH) ]6 C0 3 4H 2 0. 
Zn 6 AI 2 (OH),6S0 4 4H s O. 
Mg 6 AI 2 (OH), 6 S0 4 4H 2 0. 



Mg 6 AI 2 (OH) 12 C0 3 3H 2 0. 

.ion No. 501 . 181/1 9S0. ' * spec,,lcat ' on o! ^Panese LaidOpen Patent Publica- 

Examples ol the light stabilizers include hydroxybenzoDhenone* 5 „rh =c o h , w 

zotriazoles such as 2.(^hyd7oxy.3Me^butvl 5 ^ 8 ^"d'hydroxybenzophenone; ben- 

nyDbenzotriazole; benzoates such as S^^X^^ T *? Wro*.^™*^. 
buty^hydroxybenzoa.e and hexadecy.^S dt ten buM^ 

(4,er,.ociy.phenol) nickel salt, [2.2^^^^^^!^^ cc^ound. ,UCh 35 2 ' 2Mhi ° bis 
droxybenzyl)- P hosphonic acid monoethy. ester f^^^^^^T^ T "* < 3 -5"««-«M-bu«y..44,y. 
me,hy.-be.a-(p.me,hox yP hen y .)a C ^.a. e - oxalic ^^T^nT?!^ h m T" a ' pha ^ an °- beIa - 
oxalic acid diamide and N-2-ethvlDhenvl NT 2 P.hnwnhT , SUCh . 35 N ^"^^'P^^'-N-^hoxy-S-ten-butylphenyl 

as bis(2.2A6-,e,r am e, hy ^ eS 
(2.2.S.6-,e,rame,hy lp , P eridy<)i^ 

dr 0 xy-2.2.6.6-te.ram el hy,o pipericyoethano, ^"densafon product of d.me.hyl succinate and 2^-hy- 

arachid,c acid and behLc acid: meta, °S S C ^ T^s^'l^ "T* ^ ^ **■ 
potassium salts of the above-exemplified fattv acL J,nLZ , . ' S ° d ' Url1 ' ma 9^sium and 

steary. alcohol; aliphat.c amides suc'h'^ **"* -* a-coho. and 

pa.mi.ic amide and stearic am,de; esters formed between fat7y adds and » ™£T . n ^'^ "^'^ am ' de ' 
f luoroal k y,car b oxy„c acids metal salts thereof, and mr^ornSX^c^" 6 C ° mP ° L ' nd3 ^ " 

examples of the fillers include inorganic or organic fibrous fillers such L oi.e -f ■■ 
Slass fibers, stainless steel fibers, aluminum fibers potassTu m 9 ' h " S ' " " aluminur ™° ated 

antioxidants for rubber watem^q^ 'or matches, paper finishing agents, sizes, 

mula.ors. binders for ce^^l^LT^'- 7 ""^ a98n ' S ChemiCa ' ,ertiliasfS - heal accu " 
for decelerating neutrons, fiber ^^^^^Z^ ^ ^ 

polishing agents, thixotropy imoartina aoent, rn !Z T 9 malerials ' Protecting agents for coatings, 

electrophotographic toners lubSn.s ! 6 ^ 7 3960,5 P6nCilS 3nd Cray ° nS " carbon ink 
me,, adhesives, and u an, g a S Tho" ha no .T 9 °' feSinS ' fMin ^ a 9 en,s ' 

lenses, optical discs ontSi i T 9 9 molecular we '9h> can be used in an optical field as optical 

^r^T^^^^S^^- T e ' eC,riCal fie ' d 35 3 Wa,Sr ' ank ,w eleclfical J-' • " 
tubes for use in medical therapy. •. a er,a,s In me ,ormo ' a 'am.nate with a metal surface material, and 
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The random copolymers of this invention may be used a . a k. ' 
known polymers are: V Used as « b.end witl , various known polymerc. Examples o. such 

(A) Polymers derived from hydrocarbons havino i or ? „„« , 

ene bu , adl e ne copolymefi tefpo|ymefs Qf ^Z an^T'" C °P°£™ 

and S-ethyl.dene-2-norbornene, and terpolymers of ethvll! k T * SUCh 35 he ^iene, bicyclopen.adiene 
.adieneandS-ethylidene-2-norborne. " °' e ' hy ' ene ' bu,ene " 1 and *enessuchashexadiene dicX en 
Blends, grafted polymers, and block copolymers of the.P ™, 

v ymers of these polymers may also be cited. 

(B) Halogen-containing vinyl polymers 

(C) Polymers derived from alpha beta-unsarnrataH ^ k , 

Po,yac„a,e. — ives thereof 

Copolymers o, the monomers constituting the above exe^lTn, 
omers. such as acrytoni.ri.e/butadiene/styrene copolyme 2! ^polymers with other copolymerizable mon- 
rene/acryla.e copolymer. °Poiymer. acrylon.tnle/styrene copolymer, and acrylonitrile/sty- 

(D) Polymers derived from unsaturated alcohol* am ;„ 

^y'-^..poryv i ny.ac.JJ^; 8 ^ S e 2 "T** ^ 
polyally, ph.hala.e and po.yally.me.amine. ' P ° lyV ' nyl ben2 ° a,e ' P 0 **"* ™leaie. polyvinyl butyra! 

Copolymers of the monomers constitute ih» =h« 
omers. such as ethylene/viny, ac.ra^o^;" ^yme:s with other copolymerizable mon- 

(E) Polymers derived from epoxides 

Polyethylene oxide and polymer derived from bisglycidyl ether. 

(F) Polyacetals 

PC w , y ,«„, polyoxye , hy „ ne , an0 polyoxyme , hy|ene coniaWng ^ ^ 

(G) Polyphenylene oxide 

(H) polycarbonate 

(I) Polysulfone 

(J) Polyurethane and urea resins 

(K) Polyamides and copolyamides derived from diamines and Hir a k ,• 

the corresponding lactams GS a ° d dlcarb °xyl,c acids and/or aminocarboxylic acids or 

Nylon 6, nylon 66, nylon 11, and nylon 12. 

(L) Polyamide-polyethers 

(M) Polyesters derived from dicarboxylic acids and Hio • , 

,a «°nes " 5 d ' a,COn0,S and/or hydroxycarboxylic acids or the corresponding 

Polyethylene terephthalate, polybutvlene terAnhthai*. 

V utylene terephthalate and poly( i .4-dimethylolcyclohexane terephthalate). 
(N) Crosslinked polymers derived from aldehydes and nhonnic 

Phenol/formaldehyde resin, urea/formal^ ° r "J^mine 

y 6 res,n ' and famine/formaldehyde resin. 

(O) Alkyd resins 

Glycerin/phthalic acid resin. 
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, n . K| , , y 9 n,S ' and hal °9en<:oni ai n,ng modified resins thereof 

(O) Natural polymers mereoi. 

5 Cellulose, rubber and protein, or derivatives ther^f c u 

acetate and ce.lulose ether. ' here °'' Such as "Hulose acetate, cellulose propionate, cellulose 

When the copolymers of this invention are used » «„„m • 

, 0 know T ; waxe * 

The random copolymers of this invention may be used as a bl P nn •„ 

Tne random copolymer of this invention may be modiHed hv o h ^ 

cons,s t ,ng o, (a, alpha, beta-unsatura.ed carboxy^cfd anri / 9 ?h 9 ^ 3 m ° n ° mer se,ected "om the crouo 

compounds having an olefinic unsaturated bond Jd 3 Z^Z T'' W < C > °^sS 

mod.f.ed random copolymer obtained has the same n^^*™"*"* W UnSatUraIed <*°*V compound The 
so especially good adhesjon , o me(a|s "I ^ ag , he ^ ^ ^ _ p d, e 

the grafting monomer in the modified random copolymer To i tn ,n com P atlb ""y with other resins. The amoun of 
per 100 pans by weight of the random copo.ym^^n'S^ - ^ " ^ ° 5 to ^ by w " , 

.ntnn« v,scosi, y h] of 0.03 to 20 d,/g. preferably 0 05 ^ 2 ' " ""^ C ° P °' ymer us ^ ^ 

?o Examples of the grafting monomer are- 9 ' 

Examples of the unsaturared carboxvlic acids and .h. * • 
as acrylic acd. methacryl.c acd. alpha-e^ ,ac. c "c^ 6 ^ 8 (a) include ""«tu rated carboxylic acids such 

«®l and me.hy,endocis-bicyclo[2.2. ! J-hep t -5-ene-2 3-dicarb ox a ^ ^^-^-^-^arboxylic acid (Nad.c ac- 
am,des. ,m,des. anhydrides and esters. Specific examoi l ! ! d (melh W Na <*c acid®), and their halides 
* anhydride, ctracon.c anhydride, monomethy m ale T,e and ZTr*!™™^^-™*^ 

-ad. or their anhydrides are preferred. Ma.eic aci^Nadc ac 7 0 ,1" k °' th6Se ' the Unsaturated ^-arbox I 
Examples of the styrenes ,b) are compounds Preferred. 



30 



~0 



50 




wherein R20 R 2i d p22 

Examples ol the organic silicon compound (c) havinn an „i 0 r 
compounds represented by the following formula 9 UnSalUfaled bond and a hydrolyzable group are 



R 23 R 24 S iYV 



wherein R23 and R2 < are jdentjca| ^ 

^09enandop,iona„yox y genandhavin gano r e SXra^b" T Wa 5 nt ^ °' 

and each represents a hydrolyzable group X UnSalUfa,ed and Y 1 a nd Y 2 are identical or different 

compounds of the following formula 

R 23 SiY\V 

wherein R*3 is as defined and v , y2 an 3 

and compounds of the following formula . ^ d, '" erenl and each re P r «en tS a hydrolyzable group. 

sr*'~»-~~~£X: 
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w 



15 



The unsaturated epoxy monomers f d ) ar P , ^VS'lane and vinylphe- 



£0 



0 O 
25 " y v 

R^-C-0-CH 2 -CH— CH 2 



wherein R25 represen , s a hydrocarbon 

hav,ng a polymerizable ethylenical.y unsaturated bond. 



unsaturated glycidy. ethers represented by th 



e general formula 



25 



0 

R 25 -2-CH 2 -CH-^CH 2 

, WhereinR25 - S ^-— resents a d, va ,en, group of , he f ormu, a -CH,0- or 



<5>o-, 



and epoxyalkenes represented by he genera, lormu.a 




-ny Lses a? o 220-C 'r 0 ; '^r^" ^ 3 <CT*Zc£ 2^ T" C ° P °^ er 

in many cases 30° o 20 o. r th T * C ° P ° lymer also dually has aToli " ""^ °' 20 "° 250 ' C - in 

30 to 200 C. The sol.ening termperature is defined as theiem* , 9 ' empera,ure °< 20 to 230»C, 

as the temperature a. which a quartz needle (diame.e 
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15 



20 



35 



^p^p^™^^;; --- ? oU 9 9 w h . .e ».pe,a„e is e,e Va ,eo a, a rale 0 

The mod lfl ed copolymer usually has a density Lte™ ne d h L * P ° n ' de Nem ° Urs & Co - )• 
m many cases 0.96 to 1 . 10 g/cm3. * de,erm,ne d by the method of ASTM D 1 505 of 0 95 to i on , - 

When the random copolymer of this invpn.i. • ' S Cm "' 

as electron b eams or ^ 

proped.es can be further improved. ' anCe ' Chem,cal resi ^ance, solvent resistance and mechi j. 



(1) Copolymer composition (mole% 



On the basis of the cycloolefin unit content of the r=nHo 
calibration curve is prepared between the cycloolefin unTconlT^T^ d6termined ^.^MR (200 MHz) a 

(2) Intrinsic viscosity ft] 



(3) Gta*« ^ aI 1 35 ° C US ' n9 3 Ubbe '° hde VISC0m ^er 
(3) Glass trans.tion temperature (Tg) 



■ — . v-iiu l l_ ^ | 

(4) .EST S 0ynam ' C M " ta " iCa ' ,DUA - ™* by ^' 1 * P« * Nemours . Co , 
Determined by X-ray diflractometry. 

(5) Volatile component (VM) 

'he polymer was dissolved in cyclohcxane anrt i ha = 
gas chromatography. 0X8ne - 3 " d the «™n. of the unreacted cycloolefin was measured by 

(7) Molecular weight distribution 

t>y Ma, u2 «„ co.. L,a. Tokyo e, ™ a " OT eh^aioo^phy b, Tateueh,. p„ b „ she0 0 „ Ma) ; "™» °. 

^<l)a to , Mlhevalue(nw , n „ )|sa _ co P o, me , 

Prepara tion of the samm. 

2.6-a..«ert..butyl-p.cresol as an antioxidant °' 1 /o by Wei 9 hl ' base " on the polymer solution of 

(C) 'heErlenmeyerisheatedto 140°C anritho^. . 

anc. J he antaaan , C. and Ihe conlenls a'e slirred lot aboul 30 minutes ,o disso,v e „. p „, ymer 

Conditions for 0P | permeation rh,^,^.. 

(a) Device: Model 15OC. made by Waters Company 
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(b) Column: TSK-GMH6 (mix type) made by Toyo Soda Mfq C n ,M 

(c) Amount of the sample: 500 ul 9 * Cn " LM " 

(d) Temperature: 140°C 

(e) Flow rate: 1 ml/min. 

(f) Total theoretical stages of the column; 

1 x 10 4 to 4 x 10* (measured with acetone) 

The following Examples further illustrate the present invention. 

EXAMPLE 1 



Ethylene and 1 ,4,5,6-dimethano-l 2 3 4 4a s a fi a * 
werecopo, ym eri 2 e d ina2-li t erpo, ym e;i 2 a,ionreac^ ^ abbreviated as DMO,,, 

The polymerization reactor was continuously cha raZ Lr? , 9 9 b ' adeS 
0 4 liter/hour so as to provide a DMON concentrate O ?60 1 ' er ZT*> CyC '° heXane SO,tJtion 01 ™ON a. a rate of 
of VO(OC 2 H 5 ,CI 2 as a catalyst a, a rate of 0.7 liter/hour sot o orov T^T™ reaCt0r ' a cycbhexane solution 
■n the polymerization reactor (the concentration of vanad um ^ of 0 7 '"mooter 

reactor), a cycbhexane solution of ethyl aluminum sesZhSdl « 86 " meS ' hal ,he P^enzation 

provide an aluminum concentration ol 5 6 mmoles/liter i °T ^ * 3 ra!e °' 0 4 liIers/hour *o as ,o 

in .he mean-time, the polymerization mixture ln1^^^!^ at ' 0n ° 5 ' i,erS/hr °' ^lohexane. 

of the po.ymenzat.on reactor so that the amount 0 , Con ^Y "«n .he bottom 

Furthermore. SO liters/hr of ethylene. SO ti.ers/hr o n log™ d 0 2 Z"7h ? ^ *" ^ ^ 3 ' 1 ,iter ' 
polymerization reactor. The copolymeriza.ion was carried out a, 1 0«r h ? ^ m " ,ad U ° m the t0 P ° ( *e 
htted to the exterior portion of the reactor. As a result of th cn l V MUng 3 C °° lin9 medium a jacket 
polymerization reaction mixture con.a.ning the owJw^Z^^T reaC "'° n ^ ^ ^ COndi,ions ' a 
ane and isopropanol 0 :1 , was added to the polymer soiuto^w ymerW3S0b,ained A ™^°< cyclohex- 

to stop the polymerization reactor. Thereafter anTqueo o ^n comT T ^ • b ° ,, ° m °' the ^erization reactor 
hydrochloric acid and the polymer solution were con. £au ]^^^ 9r ^'^^<^lfa M 
transfer the catalyst residue to the aqueous .ayer. The mixture wis Zu \ S ' r ° n9 S ' irnn9 by 3 homomixer <° 

The residue was washed twice with distilled water to pu^ a die a ' ^ ^ ^ W3S re ™ ed - 

was contacted with 3 times its amount ol acetone with s.rono s i rto h'^ P °' ymer Solution ' The P°'y™r solution 
and fuNy washed w„h acetone. Thereafter, the resu" ng f£ kJ S "«T S °" d C °'' leCted b * ,illra,ion 

determined by X-ray diffractometry, ol 0% and a qlasslnsLn to ' detGrm,ned b Y Gp C of 2.50. a crystallinity, 
0, % bywei 9 htofvola,i,ecomonI, sa nd0,3^y S r;h;^ 



EXAMPLES 2-14 
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EXAMPLE 15 
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Specifically, the reactor was charged at its too with n o iL 
an M-DMON concentration in the reactor o, 0 J teT 7 , f I 0 '" 606 ^ " M ™°" so as ,0 provide 
so as .0 provide a vanadium concentration in the Lcior of O^lX"^™ °' V ° (OC * H s> CI 2 « • ca.a.ys 
alurmnum sesquichloride as a catalyst so as .0 provide an aluZum t , '"^ °' 3 ,0 ' Uene solu,ion °< 
he meantime, the polymer solution was continuously ^^ZTT^^ ^ r6aC, ° r °' 2 ™°'es/1iter .n 
he polymer solution in the reactor was maintained allajs a mT, Furthe rTM T ^ S ° ' hat ,he «' 
hr of m.rogen were fed from the top of the reactor. The cooolym ri »to ^T ' ^ °' e ' hy ' ene and 80 
a cooling medium through a jacket fitted to the outside of ^eaZT^T^ ""^ ° U ' W '°° C ^ circufating 
under the aforesaid conditions, a polymerization reaction ^Z^la TT\ Perf ° fmin9 ' he "P^^erizaticn 
was obtamed. A small amount of methanol was added .0 the 00 vmpr I 9 anelh ^ M ^ON random copolymer 
.0 s,o P the copolymeriza.ion reaction. The polymer £ wa The n JuTin? "V™ b ° n ° m °' «ci 

prec,p„a,e the resulting copolymer. The copolymer was fully was ed wi h - am ° Unt °' aCet0ne/methan °' 
■or one day a. SO'C. By the above operation, the e.hylen/M DMON l d l " °? *" d 
hour UMON random copolymer was obtained at a rate of 60 g/ 

i he copolymer was found to have an ethylene content of 6" m ^o, - k 
measured in deca.in at 13 5'C. of 0.92. an iodine nmZti ^Z^^T^ ^ an viscosi * 

0 * and a transparency, determined by a haze meter on a 1 I^^IT™? ^ « 

01 3 - 1 % - sneei sam P' e In accordance with ASTM D 1003-52 

The glass transition temperature To of the ennniwma, w . 
E- wh,ch was measured a, a'temperatur^ ^^^^^ ^ -perature of the loss modulus 
Its meltrng p 0 i n , Tm was measured withm a temperatur ran™ T ' 1 yn3m,C mechani2al analyzer was 127°C 
-emperature e.evaticn rate of tO'C/m,,,. No nre^Z^^ZZ 0 * ^ ^ **" "° « * 



EXAMPLES 16-24 AND COMPARATIVE EXAMPLE 1 
was used as ihe polymerization solvent. bXample 22 ' a 1:1 mixu "e of toluene and cyclohexane 
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EXAMPLE 25 



Fifty grams ol the ethylene/DMON random co-polymer (A) O h, flino w • c 
at 1 25'C in a nitrogen atmosphere in a glass reactor Then a xv 11n 6 lof "r^ ? 1 ^ diSS °' Ved in 500 ml °' 
MAH) (,2 g/30 ml) and a xylene solution of dicumyl peroxfde fabb ! ^ r, °' ma ' eiC 3nhydride ( ab ^eviafted as 
over a period ol 4 hours Irom separate lines into the reactor (abbreV ' a ' ed as DCP > < 0 - 27 9«0 ml) were led gradually 

Smce MAH had low solubilty in" xylene, it was dissolved bv h M . in « , --k 
continued until its feeding was terminated. 9 1 an in,rared lam P' and the heating was 

After the feeding, the reaction was continued for 2 hours and -tor ,h 
to room temperature. The reaction solution was put into a lam* J™ T ' feaCti ° n SOlution was co °'sc 
resulting crafted e.hylene/DMON copolymer was filtered reLll^ Znl^T* '° Predpilaie the po ^ T ^ 
pressure a. 80°C lor i day to give the desired MAH-grafted eZe^S? . aCel ° ne ' Under reduced 

measured by oxygen analysis of the modified copolymer was m 3 b! ^ k T*""'' °' MAH 9raftec ' 

viscosity, measured in decalin at 1 35'C, of 0.S6 dl/q a densitv J<1 j? m ° dified co P olvmer had an intrinsic 
Q/cm3. a glass transition temperature (Tg) of 1 45°C. aeter ™ned m accordance with ASTM D 1 505, of 1 .025 

EXAMPLES 2S&27 

Example 25 was repeated except that 50 q of each of th P r^i™, <• 
used instead of the ethylene/DMON random cooolymer anc the al COp0lymers indicat * d in Table 6 was 

results are shown in Table 7 V he 9raftin9 conditions were changed as in Table 6 Th» 



Example 


Random copolymer 


Grafting conditions 


MAH (g/30 ml) 


DCP (g/30 ml) 


25 


A 


12 


0.27 


27 


3 


12 


0.27 


■ uotamed in txample 1 , ' 

B: obtained in Examole 4. and 






EXAMPLES 25-30 



and the radical initiator were 
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— I Table 8 (contir.u edl 

ixa^pleJ _R a n domcopo , ymef | AmQun , ^J ^—^^ 

A: Obtained in Example 1, ■ 

D: obtained in Example 2, and 
E: obtained in Example 3 
a: vinyl-tri-ethoxy silane 
b: styrene 

C: glycidyl methacrylate 



Amount (g) | DCP (g) 



Example 

2S 
29 



30 



Claims 



Amount of grafted m onomer (wt.%) 
0.25 
1.34 



Table 9 

Properties of the modified copolymer 



1.13 



0.S7 
0.86 



o.es 



T 9 (by DMA method) 
144 
133 



142 



Density (g/cm 3 ) 
1.026 
1.021 



1.023 



A random copolymer which is transparent and is character 
(A) the copolymer comprises polymerized u 



ed in that 



* , r w.jr... c . wi.^iibeb polymerized units of ethylene and n nK,m A • 

represented by the following formula (I) polymerized units of at least one cycloolefin 




— (I) 



wherein R1R2 r3 R 4 05 r6 r7 anW d r „ 

Megan atom or a hydrocarbon glup havingT loTclZn T" 1 *?* 3 «™. 

and each represents a hydrogen'atom. ha, 0 e a£n o a htdT' T R '° ^ ° f 

« R. and R, are bonded , 0 each o(her {q f ^ ^^^^^ 1 * 1 0 carbon atoms 



(R 



11 



- C - 



in which R" and R'2 are identical or different and «rh r * 

hydrocarbon group having 1 , 0 , 0 carbon *lZ Z«T a Zl™< I ^ * at0m ° r » 

(B) the mole ratio of the polymerized cyclociTn unt o 2 ? ^ " iS 3 P ° SitlVe in,e 9 ef °' 1 <° 3 

(C) the or each cycloolefin of formula m^^^T^^ * 3S7 '° S0:40 ' 
by the following formula (II) ' ne P °' ymer chain as Polymerized units 

represented 
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w 



20 



25 



30 



35 



-0 



5. 



7. 




— (ID 



wherein all symbols are as defined above, 

(D) the copolymer has an intrinsic viscosity fa], measured in decalin at 1 35°C of 0 01 to 20 dl/q 

of noTmTnr 5 3 m ° ,eCU ' ar ^ diS,nbUti ° n 9 * ? emeat ™ chromatography, 

(F) the copolymer has a crystallinity, measured by X-ray diffractomeiry, of 0 to 10% and 

(G) the copolymer has a glass transition temperature (Tg) of 10 to 240°C as measured by a Dynamic Mechan- 

ical Analyzer. 

A random copolymer according to claim 1 wherein the mole ratio (B) of the polymerized cyclcolefin units to the 
polymerized ethylene units is from 5:95 to 50:50. Ine 

A random copolymer according to claim 1 or 2 which has a glass transition temperature (Tg) of 20 to 200°C. 

A process for producing a random copolymer as defined in any one of the preceding claims, which process com- 
prises continuously copolymerizing ethylene with the or each cycloolefin represented by formula (I) in a hydrocar- 
tan med.um ,n the presence of a catalyst formed from a vanadium compound soluble in the hydrocarbon medium 
and an organo-alummum compound whi.e maintaining the atomic ratio of aluminum atoms to vanadium atoms in 
the reaction system, A1:V, at 2 or more:l. 

t P nZT, aCC °T 9 '° ? ^ 1 Wherein S ° ,Uble Van3dium COmpound is added to lhe taction system in a 

a "v ~:°r es its exisiins concentration ,n the ^ ^ - ««< - »• 

A process for preparing a modified random copolymer, which process comprises grafting on to a random copolymer 
as defined ,n any one of cla.ms 1 to 4, 0.1 to 50 parts by weigh, o. a monomer selected from (a) a.pha beta'- 
""saturated carboxyhc acids and/or their derivatives, (b) styrenes. (c) organic silicon compounds having an olefin- 

I I" "1 T b ° nd 3 h ^ Zab{e 9™* and W -saturated epoxy monomers per 100 parts by w e Z 

ot the said random copolymer. ' y 

Molded articles prepared from a random copolymer as defined in any one of claims 1 to 4 or from a modified 
random copolymer prepared by a process as claimed in claim 6. 

A modified random copolymer which is obtainable by a process as defined in claim 6. 



50 



Patentanspruche 

1. Em statistisches Copolymer, das transparent ist und dadurch gekennzeichnet ist. daO 

(A) das Copolymer polymerisierte Einheiten von Ethylen und poiymerisiene Einheiten.von wenigstens einem 
Oycloolefin umfaBt, das durch die folgende Formel (I) dargesiellt ist 
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(I) 



R" R n 

worin R.. R3. R4. R 5 RS. R 7 un(j R 8 g|ejch Qder verschjeden voneinandef sind ^ jewej|s ^ 

stoffatom, Halogenatom oder eine Kohlenwasserstoffgruppe mit 1 bis 10 Kohlenstoffatomen darstellt und R9 
und R gleich oder verschieden voneinander sind und jeweils ein Wasserstoffatom, ein Halogenatom oder 
eine Kohlenwasserstoffgruppe mit 1 bis 10 Kohlenstoffatomen darstellen oder R9 und Rio miteinander ver- 
bunden sind, urn eine Gruppe der folgenden Formel 



(R 11 - C - R 12 ) t 

zu bilden. worin R» und R« gleich oder verschieden voneinander sind und jeweils ein Wasserstoffatom ein 
Halogenatom oder e>ne Kohlenwasserstoffgruppe mit 1 bis 10 Kohlenstoffatomen darstellen und 1 eine qanze 
Zahl von 3 bis 4 ist und n einen positive ganze Zahl von 1 bis 3 isf 



(B) das Molverhaltnis der polymerisierten Cycloolefineinheiten zu den polymerisierten Ethyleneinheit 
3:97 bis 60:40 betragt; 



en von 



(C) das oder jedes Cycloolefin der Formel (I) in die Polymerkette als polymerisierte Einheiten eingebrach. 
sind, welche durch die folgende Formel (II) dargestellt sind 




— (ID 



worin alle Symbole die oben angegebene Bedeutung besitzen. 

l %™ S K C ° POlymer eine in Decalin bei 1 35 ° C 9emessene intrinsiche Viskositat ( n ) von einschlieGlich 0 01 bis 

20 Qi/g besitzt, 

(E) das Copolymer eine durch Gelpermeationschromatographie gemessene Molekulargewichtsverteilunq 
(Mvv/Mn) vcn nicht mehr als 4 besitzt, 



(F) das Copolymer eine durch Rontgenbeugung gemessene Kristallinitat von einschlieGlich 0 bis 1 0 % 



und 



'o besitzt 



(G) das Copolymer eine mit einem dynamischen mechanischen Analysator gemessene Glasuberqanqst 
peratur (Tg) von 10 bis 240°C besitzt. 

Statistisches Copolymer nach Anspruch 1. wobei das Molverhaltnis (B) der polymerisierten Cycloolefineinhe 
zu den polymerisierten Ethyleneinheiten zwischen einschlieGlich 5:95 bis 50:50 liegt. 

Statistisches Copolymer nach Anspruch 1 oder 2. das eine Glasubergangstemperatur (Tg) von 20 bis 200°C auf- 



em* 



iten 
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4. 



weist. 

Ein Verfahren zur Hers.ellung eines wie in jedem der vorhergehenden Anspruche definierlen statistischen Conn 
lymeres. wobe, das Verfahren das kontinuierliche Copolymerisieren von EthvlPn mit ^ slal ™< sc ™n Copo- 

-rr durch die Formei (i) dar9es,e,,t isi - in einJ ^^^TJr G ZTe^: 

sators. der aus emer ,n dem Kohienwasserstoffmedium loslichen Vanadiumverbindung und e7e ^ Orcano Al " 
n.umverb.ndung geb„de. ,s.. wahrenddessen das Atomverhaltnis von Aluminiuma.omen zu ZlZZZTZ 
in dem Reaktionssystem bei 2 Oder mehr:1 gehallen wird. vanaiumatomen AI.V 

Verfahren nach Anspruch 4. worin die losliche Vanadiumverbindung dem Reaktionssystem in einer Konzentration 
von nicht mehr als dem lOfachen seiner vorhandenen Konzentr?tinn in ^ q q J konzentration 
urn das Atomverhaltnis Al: V bei 2 Oder mehr: t zu hall Reakt.onssystem zugegeben wird. 

Verfahren zum Herstellen eines modifizierten statistischen Copolymers, wobei das Verfahren das Aufofroof.n 
auf e.n w,e , n )e dem der Anspruche 1 bis 4 definiertes statis.isches Copolymer von 0.1 bis 5 Gewfcnts STes 
Monomeres pro 100 Gew,ch,s,ei.e des statistischen Copolymers umfaBt. das aus (a) a P-ungesS^n CaZ 

Ucl'n H Sren TTT Styf0len ' (C) ° fSaniSChen Siliconverbindungen mii L?S2S ^gS'- 
tigten Bindung und emer hydrohsierbaren Gruppe und (d) ungesattigten Epoximonomeren ausgewahTis, 

Getormte Gegensiande. hergestellt aus einem wie in jedem der Anspruche 1 bis 4 definierten statistischen Cod 
:ches e Clym S er einem *"* ^ 6 ^^es Verfahren hergestelltes nj^"^ 

Ein modifiziertes. statis.isches Copolymer, das durch ein wie in Anspruch 6 definiertes Verfahren erhal.lich is.. 



Revendications 

1. Copolymere statistique transparent caracterise en ce que 

(A) le copolymere comporie des motifs polymerises derives Methylene et des motifs polymerises derives rfau 
moms une cycloolefine representee par la formule suivante (I) yrnerises aerives d au 



(I) 




d"cene q u? a , 1 ' ' " " " ° U diMrentt - chacun un a.ome d'hy- 

° R n i: a '° me d H h ! '° 9ene ° U Un 9f0Upe ^^o^rbone comportan, de 1 a 10 atomes de carbone, e. R 9 
le hvd Z ? ° U . re P re ^n.en, chacun un atome d'hydrogene, un atome d'halogene ou un grou- 

z iz::Te ponant 310 a,omes de carbone ' ° u r9 * r, ° s ° nt * 




dans laquelle R1 , e[ R12i jdentjques ou dm . renfs repr , semem chacm ^ gtome un 

S ° U U , n 9r ° Upe componan, de 1 a 1 0 atomes de carbone. et 1 est un nombre en.ier 

egai a 3 ou 4, et n est un nombre entier positif compris entre 1 et 3" 

(B) le rapport molaire des motifs polymerises derives d'une cycloolefine aux motifs polymerises derives d'ethy- 
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lene est compris entre 3/97 et 60/40; 

(C) la cycloolefine ou chaque cycloolefine de formule (I) est incorporcc dar.c la chaine &j polymera sous forme 
de motifs polymerises represents par la formule suivante (II) 




(ii) 



dans laquelle tous les symboles sont definis ci-dessus: 

(D) le copolymer a une viscosite intrinseque fa], mesuree dans la Decaline® a 135 5 C, comprise entre 0 Oi 
et 20 dl/g; 

(E) le copolymer a un indice de polydispersite (Mp/M n ), mesure par chromatographie par permeation de qel 
ne depassant pas 4; ' 

(F) le copolymer a un taux de cristallinite. mesure par diffraction de rayons X, compris entre 0 et 10 %• 

(G) le copolymer a une temperature de transition vitreuse, determinee avec un appareil d'analyse mecanico- 
dynamique, comprise entre 10 et 240 °C. 

Copolymere statistique conforme a la revendication 1 dans lequel le rapport molaire (B) des motifs polymerises 
derives d'une cycloolefine aux motifs polymerises derives d'ethylene est compris entre 5/95 et 50/50. 

Copolymere statistique conforme a la revendication 1 ou 2 ayant une temperature de transition vitreuse (T ) com- 
prise entre 20 et 200 °C. 

Precede de preparation d'un copolymere statistique conforme a une quelconque des revendications precedentes 
lequel procede comprend la copolymerisation en continu d'ethylene et de la ou de chaque cycloolefine representee 
par la formule (I), dans un milieu hydrocarbone en presence d'un catalyseur forme a partir d'un compose de va- 
nadium soluble dans le milieu hydrocarbone et d'un compose organo-aluminique. avec maintient du rapport des 
atomes d'alummium aux atomes de vanadium Al/V dans le systeme reactionnel a une valeur superieure ou eqaie 
a 2/1. a 



Procede conforme a la revendication 4 dans lequel on ajoute au systeme reactionnel le compose de vanadium 
soluble en une concentration n'excedant pas 10 fois sa concentration existant dans le systeme reactionnel afm 
de maintenir un rapport atomique Al/V superieur ou egal a 2/1. 

Procede de preparation d'un copolymere statistique modifie. lequel procede comprend le greffage de 0 1 a 50 
parties en poids, par rapport a 100 parties en poids dudit copolymere statistique, d'un monomere choisi parmi (a) 
les ac.des carboxyliques a,p-insatures et/ou leurs derives, (b) les styrenes. (c) les composes organiques du silicium 
comportant une liaison a insaturation ethylenique et un groupe hydrolysable, et (d) des monomeres insatures a 
fonction epoxyoe, sur un copolymere statistique defini par une quelconque des revendications 1 a 4. 

Articles moulds prepares a partir d'un copolymere statistique conforme a une quelconque des revendications 1 a 
A ou a partir d'un copolymere statistique modifie prepare selon un procede conforme a la revendication 6. 

Copolymere statistique modifie pouvant etre obtenu selon un procede conforme a la revendication 6. 
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